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One of the characteristics of the pressor substance which may cause essential 
hypertension in man or experimental renal hypertension in dogs must be an 
ability to elevate arterial pressure by constricting the arterioles sufficiently to 
increase peripheral resistance but not sufficiently to reduce blood flow.  Clini- 
cal experience indicates that patients or animals with hypertension do not have 
cold,  pale  skin  indicative  of  reduced  blood  supply.  On  the  contrary,  the 
plethoric appearance of many such patients is well known. 
Experiments,  both  on animals  and  man,  show  that  the ability of pressor 
substances to cause vasoconstriction varies greatly, not only in the same, but 
in  different  segments  of  the  vascular  system.  For  example,  pitressin  and 
adrenalin have in common the ability to reduce blood flow severely while the 
former elevates arterial pressure but little and the latter strongly.  As Landis, 
Montgomery, and  Sparkman  (1)  pointed out, pressor agents which severely 
reduce blood flow to the periphery in relation to  their ability to raise blood 
pressure, could scarcely be expected to be concerned in the genesis of hyper- 
tension characterized by normal or even elevated peripheral blood flow.  They 
found in rabbits that renin was unusual among the other pressor substances 
in elevating arterial pressure without consistent reduction of skin temperature, 
--which was accepted as a  rough measure of peripheral blood flow. 
The demonstration that renin itself was not a pressor substance but produced 
elevation  of  pressure  only  after  interaction  with  renin-activator  and  the 
liberation  of angiotonin  (2,  3)  required  that  it  also  be  shown  that  purified 
angiotonin  elevates  arterial  pressure  without  significant  fall  in  peripheral 
blood flow. 
Corcoran and Page  (4) found no consistent change in skin temperature of 
trained normal dogs when angiotonin was infused.  Both renin and angiotonin 
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produce a  transient  decrease followed by a  more prolonged increase  in blood 
flow in the femoral artery  (Herrick,  Corcoran, and Essex (5)).  According to 
Wilkins and Duncan (6) angiotonin often causes a  slight transient decrease in 
blood flow of human beings, but usually the change is within the normal range. 
All these observations in both animals and man suggest that angiotonin and 
renin do, in fact, raise arterial pressure with little or no reduction in peripheral 
blood flow.  But  they were made by methods which do not indicate  the site 
of constriction.  It  seemed  desirable,  therefore,  to  employ  a  method  which 
permits  direct  observation,  and  comparison  of the  changes  in  the  arterioles, 
capillaries,  and  veins  produced  by isopressor  solutions  of angiotonin,  renin, 
pitressin,  methylguanidine  sulfate,  and  adrenalin. 
Material and Methods 
The observations reported in this paper were made upon the small vessels enclosed 
in  transparent  moat chambers  in  rabbits'  ears.  Such chambers  are  described  by 
AbeU and Clark (7) and Abell (8).  The chambers contain a thin, enclosed space, the 
bay, which has a  glass bottom and a  mica top.  Following the introduction of the 
chamber into the ear, vascular tissue continuous with the subcutaneous tissue of the 
ear, grows into it through two entrance holes at one end.  The tissue grows across 
toward the opposite end, which opens into a much larger and deeper enclosed space, 
called the moat, filled with Ringer's solution.  Since the bay has a glass bottom and a 
mica top, and is only about 70 microns deep, the living blood vessels in it, and the cir- 
culation  of blood through them,  can be  seen  clearly with  the  high powers  of the 
microscope. 
The chambers were mounted upon the stage of a  microscope and the vessels  ob- 
served before and after  the injections at magnifications of 200 and 400  diameters. 
Ocular micrometric measurements were made, and the vessels photographed at magni- 
fications of 168 and 337 diameters.  More than 1200 photomicrographs were taken. 
The reaction of the vessels  was determined by direct observation and by a study of 
these photomicrographs. 
Observations were made upon 25 arterioles and more than 100 capillaries and 100 
venules.  The arterioles were of different diameters, varying from 13 to 58 microns; 
the venules  varied from 17  to 66 microns.  Since the  walls  of the  arterioles  were 
clearly visible,  changes in their thickness during constriction were readily observed 
and measured.  The walls of the capillaries could be seen distinctly, even when the 
capillaries only contained plasma.  Within the capillaries and venules minute details 
of the shapes and sizes of the erythrocytes and leukocytes could be observed, including 
the granules in the leukocytes, as in studies  by Clark,  Clark, and Rex  (9).  Con- 
sequently, any visible effects of the pressor substances upon the arterioles, capillaries or 
venules, the erythrocytes or leukocytes, or upon the distribution of these cells within 
the vessels,  could be clearly seen. 
Since the arterioles contained in the chambers did not contract spontaneously, as do 
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arterioles that occurred following injections of the pressor substances were due to these 
substances acting directly on the vessel wails, and not to spontaneous contractions re- 
suiting from impulses reaching the vessels by way of the nerves. 
The determination of the amounts of tyramine, methylguanidine sulfate, epineph- 
rine  and pitressin  isopressor  with  0.2 cc.  of angiotonin was by comparison of  the 
increased femoral arterial pressure produced by injections of these substances into 
anesthetized cats and rabbits.  A rise in pressure of 28 mm. of Hg was produced by 
0.2 cc. of angiotonin.  A similar rise was produced by 1.5 mg. of tyramine, 7.0 rag. of 
methylguanidine sulfate, 0.003 mgm. of epinephrine, and ~  of a unit of pitressin. 
Ten chambers, each in the ear of a different rabbit, were used in these experiments. 
All injections were intravenous, and were made into one of the lateral veins of the ear 
which  did not contain the chamber. 
Reaction of the Vessels to Renin 
Seventeen injections  of renin  were made. 
Arterioles.--Renin  always  caused  arteriolar  constriction,  which  began  in 
different arterioles at slightly different times, but was present in all between 
0.7 to 1.5 minutes after the start of the injections.  Maximal constriction was 
reached within 2.0 to  2.8  minutes  following the injections  and  the  arterioles 
returned to their original diameters within 7 to  15 minutes.  Following injec- 
tions of 0.2  cc.,  the narrowest point at the time of  greatest constriction was 
0.28 the control diameter of the arteriole.  The blood flow was not stopped at 
any time. 
Very  large  amounts  of  more  concentrated  renin  (0.6  cc.)  caused  further 
arteriolar  constriction,  with  some reduction,  but no  general  interruption,  of 
blood flow. 
Mter such large injections of concentrated renin, return of the arterioles to 
their  normal  diameters  was  followed  by  a  brief  period  of  dilatation.  For 
example, in one instance dilatation from 13 to  18 microns occurred 10.0 min- 
utes after the injection.  The arteriole again returned to its control diameter 
14  minutes after the injection. 
The  constriction  of  the  arterioles  in  the  chambers  was  not  passive,  i.e., 
secondary to constriction of larger arterioles outside  of the  chambers.  This 
was shown  by the  increase in  thickness  of the walls  of the arterioles  in  the 
chambers at the time of their constriction (c/.  Fig.  2). 
That arteriolar constriction was not due to introduction  of the needle into 
the ear vein, or to the act of injection,  was shown by control experiments in 
which  0.2  cc.  of Ringer's was injected  in exactly the  same manner used for 
renin (cf. Fig. 3). 
Venules.--The injection of 0.2 cc. renin produced no appreciable effect upon 
the venules.  Injections of 0.6  cc. of more concentrated  renin  caused  slight 
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Except for such small changes in diameter, the venules did not react visibly 
to renin. 
CapiUaries.--Although  the walls could be seen very clearly, no active con- 
striction was observed when renin was injected, the lumens remaining open at 
all times.  Renin did not cause any increase in sticking of leukocytes to the 
walls,  such  as described by Clark and  Clark  (11).  It did not produce any 
concentration  of  corpuscles,  such  as  occurs  following  marked  increase  in 
capillary permeability, with loss of fluid into the surrounding tissue.  Nor did 
it cause diapedesis, hemorrhage, or visible endothelial injury. 
Reaction of the Vessels to Angiotonin 
Forty  injections  of  angiotonin  were  made,  and  three  different  prepara- 
tions used. 
Arterioles.--Angiotonin  always  caused  arteriolar  constriction.  As  with 
renin, such constriction began in different arterioles at slightly different times, 
but in all started between 0.7 and 1.0 minute after the beginning of the injec- 
tions.  Maximal constriction was reached within 1.0 to 1.5 minutes following 
the injections, and the arterioles returned to their original diameters within 
2.0 to 11.0 minutes. 
The  following example  illustrates  the  typical response  of an  arteriole  28 
microns in diameter to 0.2  cc. of angiotonin.  Constriction began 1.0 minute 
after the start of the injection, and became maximal 1.4 minutes following the 
injection.  Three minutes after the injection the arteriole had returned to its 
control diameter.  Fig.  14 shows  arteriolar constriction produced by 0.2  cc. 
of angiotonin. 
Increasing  the  amount  of  angiotonin  injected  caused  greater  arteriolar 
constriction.  The  increase  in  constriction,  however,  was  not  proportional 
to the increased amounts of angiotonin injected.  Thus 0.25 cc. of angiotonin 
caused an arteriole 31 microns in diameter to constrict to 0.88, 0.5 cc. to 0.77, 
and 1.0 cc. to 0.67 its original diameter.  The effect of increasing the amount 
of angiotonin from 1.0 to 2.0 cc. is shown by another experiment.  One cc. of 
angiotonin caused an arteriole 30 microns in diameter to constrict to 0.5  its 
original size (cf.  Fig. 9), and 2.0 cc. to only 0.42 (cf. Fig. 10).  Even the injec- 
tion of 2.0 cc. of angiotonin did not cause constriction of sufficient degree to 
stop the blood flow.  The response of the small arterioles to angiotonin was 
as great and in some instances greater than that of the larger ones. 
The arteriolar constriction produced by small amounts of angiotonin (0.2 cc.) 
was not followed, after return of the arterioles to their control diameters, by 
dilatation as was the case with larger injections.  For example, the injection 
of 1.5 cc. of angiotonin caused an arteriole 35 microns in diameter to constrict 
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5.0 minutes following the injection.  Within 8.3  minutes it had increased to 
1.3  its original diameter,  and this dilatation lasted  until  16.3  minutes  after 
the injection. 
The walls of the arterioles became thicker when they constricted in response 
to angiotonin (cf. Figs. 5, 9,  10, and 14),  indicating that such narrowing was 
not secondary to constriction of larger arterioles outside of the chambers. 
Venules.--Angiotonin  in amounts up to 0.5 cc. did not produce any visible 
effect upon the venules.  When the amount injected was increased to 1.0 cc., 
however, it caused, in most instances, a slight venular constriction.  Thus 1.0 
cc. of angiotonin caused a venule having a  control diameter of 28 microns to 
constrict to 0.86 its original diameter. 
The degree of constriction of the venules was somewhat greater with greater 
amounts of angiotonin.  Thus, while in the above experiment, 1.0 cc. caused 
the venule to constrict to 0.86 its original diameter,  2.0 cc. caused a  similar 
venule to constrict to 0.67 its original diameter. 
Except for such changes in diameter, the venules did not respond visibly to 
angiotonin. 
Capillaries.--The  capillaries  did  not  react  visibly  to  angiotonin.  No 
capillary constriction was  observed, the lumens  of the  capillaries remaining 
open at all times (Figs. 6 and 7). 
Reaction  of the Vessels to Tyramine and Methylguanidine Sulfate 
Tyramine and methylguanidine always caused arteriolar constriction when 
doses of 1.5 mg. of the former and 7.0 mg. of the latter were injected.  The 
constriction became maximal in 0.8 to 1.5 minutes with tyramine, and 0.8 to 
1.2  with  methylguanidine.  Return  to  their  original  diameters  occurred in 
about the same time (3.0 to 7.0 minutes).  The degree of maximal constriction 
varied from 0.33 to 0.87 of the control diameters for tyramine and from 0.30 
to  0.82  for  methylguanidine.  Isopressor  amounts  of  both  tyramine  and 
methylguanidine, usually, but not invariably, produced greater vasoconstric- 
tion  than  angiotonin  (compare the  arteriolar  constriction shown  in  Fig.  14 
with that in Figs.  16 and  18). 
Tyramine and  methylguanidine  usually did not  cause  constriction of the 
venules in the amounts injected.  In one of 5 experiments slight venular con- 
striction was observed with both tryamine and methylguanidine. 
No response of the capillaries to either substance was observed. 
Reaction of the Vessels to Epinephrine and Pitressin 
Epinephrine and pitressin always caused arteriolar constriction when doses 
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injected.  Constriction  became  maximal  in  0.5  to  2.0  minutes  with  both 
substances. 
Amounts of epinephrine and pitressin isopressor with 0.2  cc. of angiotonin 
caused much greater arteriolar constriction (compare the arteriolar constriction 
shown in Figs. 12 and 20 with that in Fig. 14).  At no time did the injection 
of 0.2 cc. of angiotonin cause constriction to the point of interruption of the 
circulation, whereas constriction to this extent occurred in 4 out of 7 injections 
of the isopressor amount of epinephrine, and in 5 out of 6 injections of the iso- 
pressor amount of pitressin. 
Both epinephrine and pitressin caused constriction of longer duration than 
that produced by the isopressor amount of angiotonin.  Following the injection 
of 0.2  cc.  of angiotonin  the  arterioles  returned  to  their  original  diameters 
within approximately 3 minutes, following 0.003 mg. of epinephrine not until 
10 minutes, and after ~/~ unit of pitressin not until longer than 24 minutes. 
As  with  angiotonin the  constriction  of  the  small  arterioles was  as  great 
proportionately as that of larger ones, and in some cases greater. 
In contrast to the effect of increasing the amount of angiotonin above 0.2 cc., 
increasing  the  amount of epinephrine  above  0.003  mg.  caused  much  more 
vigorous and prolonged constriction.  Although this is probably also true of 
pitressin,  the data are insufficient. 
As compared with the arteriolar constriction produced by isopressor amounts 
of  tyramine  and  methylguanidine, epinephrine  and  pitressin  caused  much 
more (compare the constriction shown in figs. 12 and 20 with that in Figs. 16 
and 18). 
Both  epinephrine  and  pitressin  caused  constriction  of  the  venules,  the 
degree of constriction being greater with larger amounts, but not exceeding 
0.33 the control diameter in any instance.  The degree of venular constriction 
was greater than that caused by the isopressor amount of either angiotonin, 
tyramine, or methylguanidine. 
A  typical  experiment  with  epinephrine  demonstrates  that  the  venular 
narrowing was not due to arteriolar narrowing, but was an active constriction. 
In this instance, 0.0025 rag. of epinephrine caused arteriolar constriction which 
'stopped the blood flow for 4.3 minutes.  During this time the venules did not 
become narrower.  Venular constriction began after the  arterioles had begun 
to relax and the blood flow had started. 
Neither epinephrine nor pitressin caused active capillary constriction, the 
lumens of the capillaries remaining open at all  times.  Following injections 
which stopped the circulation for 5  minutes or longer by constriction of the 
arterioles, sticking of leukocytes to the walls of the capillaries increased from 
phase 1 to phase 2 of the Clark and Clark (11)  scale.  Otherwise no changes 
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DISCUSSION 
The  evidence obtained by direct observation  of  the  effects of renin  and 
angiotonin on the blood vessels of normal rabbit's ears indicates that in mod- 
erate doses they produce active vasoconstriction in the arterioles, and in large 
doses slight  constriction of the venules besides.  The capillaries remain un- 
affected.  The blood flow is maintained.  The action of angiotonin was indis- 
tinguishable from that of renin, except maximal constriction of the arterioles 
occurred  earlier  with  angiotonin  and  relaxation  was  more  rapid.  Methyl- 
guanidine sulfate and tyramine have somewhat similar actions.  All of these 
pressor agents contrast sharply in their action with epinephrine and pitressin, 
which cause severe vasoconstriction and reduction of blood flow in amounts 
which elicit similar rises in arterial pressure. 
This suggests that the elevated arterial pressure with maintenance of periph- 
eral blood flow caused by administration of angiotonin, renin,  tyramine, and 
methylguanidine is due to their action on the heart as well as on the arterioles. 
Augmentation of the force of the heart beat by direct action on the myocar- 
dium, increase in the rate of filling, or both, would account for the increased 
action  of  the  heart.  Direct  action  of angiotonin  on  the  heart  is  strongly 
suggested by the perfusion experiments of Hill and Andrus  (12)  and Lorber 
and Visscher (13). 
In rabbits large doses of angiotonin are required to produce active venular 
constriction.  The rise in venous pressure would aid  in  increasing return of 
blood to the heart.  In human beings the rise in venous pressure is marked, 
and decrease in vital capacity occurs (Wilkins and Duncan (6)), suggesting that 
in man the action on the venules may be more marked than in rabbit's ears. 
However,  the  action  on  large  veins  with  more  developed  muscle  may  be 
greater in rabbits than that on the relatively small venules studied. 
The renal vessels appear to be more sensitive to the vasoconstrictor action 
of angiotonin than the vessels of the ear.  This is suggested by the fact that 
even with moderate elevation of arterial pressure Corcoran and Page (4) found 
marked renal vasoconstriction and reduction of blood flow when either renin 
or angiotonin was injected.  Pitressin, on the other hand, has a  much more 
variable effect on the renal circulation, sometimes increasing and sometimes 
decreasing it, while always eliciting severe vasoconstriction in the peripheral 
vessels. 
The evidence is clear both from clinical observation of hypertensive patients 
and  from Kapp,  Friedland,  and  Landis'  (14)  study of the  effect of experi- 
mentally  induced  hypertension  in  rabbits  on  skin  temperature,  that  blood 
flow  in  the  peripheral  tissues  is  not  significantly  reduced.  Angiotonin  in 
contrast  with  epinephrine  and  pitressin  can  produce  hypertension  without 
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The observations made in this investigation may be added to those which 
strengthen  the  view  (15)  that  the  renin-angiotonin  vasopressor system has 
characteristics  consistent  with  those  required  of a  substance  or  substances 
concerned in the genesis of chronic arterial hypertension. 
SUMMARY 
1.  Both renin and angiotonin in small doses cause constriction of the arteri- 
oles in the ears of normal rabbits, as seen directly with the microscope.  Capil- 
laries appear unaffected while venules exhibit slight or no constriction with 
small doses and moderate constriction with large  doses.  The flow of blood 
through the tissues is not reduced except when very large doses are admin- 
istered.  Tyramine  and  methylguanidine  sulfate  in  isopressor  amounts  act 
somewhat similarly. 
2.  Isopressor  amounts  of  epinephrine  and  pitressin,  by  contrast,  elicit 
severe vasoconstriction of arterioles lasting longer than that due to angiotonin, 
and flow of blood is sharply reduced or abolished altogether.  The degree of 
venular constriction was also greater, while the capillaries remained unaffected. 
3.  The vasoconstrictor action of angiotonin on peripheral vessels in moat 
chambers in normal rabbit's ears is indistinguishable from that of renin, except 
that it is more rapid. 
CONCLUSIONS 
As judged by study of the blood vessels in moat  chambers in the ears of 
normal rabbits,  angiotonin  and renin elevate arterial pressure  with little or 
no reduction of blood flow by causing constriction of arterioles and augmenting 
the  force  of  the  heart  beat.  Tyramine  and  methylguandidine  sulfate  act 
somewhat  similarly.  In  contrast,  epinephrine  and  pitressin  in  isopressor 
amounts elevate arterial pressure by causing arteriolar vasoconstriction, but 
the constriction is severe enough to reduce or abolish blood flow.  Angiotonin, 
unlike epinephrine or pitressin, acts on blood vessels of the rabbit's ear in a 
manner not inconsistent with that required of a substance capable of producing 
chronic hypertension. 
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PLATE 7 
FXG. 1.  Photomicrograph showing the normal appearance of a  living arteriole and 
venule in the bay of a  moat chamber, 28 minutes before the intravenous injection of 
0.2 cc. of renin.  The grey blur in the lumens of the vessels is caused by circulation of 
the blood.  The arrows indicate the direction of blood flow.  A, arteriole; V, venule. 
X  168. 
FIo. 2.  Photomicrograph of the same vessels shown in Fig. 1, 2.5 minutes following 
the injection of 0.2 cc. renin.  This was the time of maximal arteriolar constriction 
produced by the renin.  The grey blur in the lumens of the vessels shows that the flow 
of blood through them did not stop.  As shown in this photomicrograph, the arteriolar 
wall became thicker during constriction.  X  168. 
FIG. 3.  Photomicrograph of the same vessels shown in Figs. 1 and 2, 2.5  minutes 
following the  injection of 0.2  cc.  Ringer's solution.  This  injection did not  cause 
arteriolar constriction (compare with Figs. 1 and 2).  ×  168. 
FIG. 4.  Photomicrograph showing the normal appearance of a branching arteriole 
and a venule in the bay of a moat chamber, 26 minutes before the intravenous injection 
of 1.0 cc. of angiotonin.  The arrows indicate the direction of blood flow.  A, arteriole; 
V, venule.  ×337. 
FIG. 5.  Photomicrograph of the same vessels shown in Fig. 4, 1.0 minute following 
the injection of 1.0 cc. of angiotonin.  This was the time of maximal arteriolar con- 
striction produced by the angiotonin.  As shown in this photomicrograph, the ar- 
teriolar wall became  thicker  during  constriction.  The  flow  of  blood was  not  in- 
terrupted.  ×  337. 
FIG. 6.  Photomicrograph of a  capillary plexus in the same chamber as the vessels 
shown in Figs. 4 and 5, taken 6 minutes before the injection of 1.0 cc. of angiotonin. 
This plexus received its blood from one of the terminal ramifications of the left branch 
of the arteriole shown in Figs. 4 and 5.  The walls of the capillaries can be seen, and 
the blur in their lumens indicates blood flow, the direction of which is shown by the 
arrows.  The  actual  diameter  of  these  capillaries was  approximately 9  microns. 
×  337. 
FIG. 7.  Photomicrograph of the same capillary plexus shown in Fig. 6, taken 1.0 
minute following the injection of 1.0 cc. of angiotonin.  This was the time of maximal 
arteriolar constriction  (cf. Fig.  5).  The  flow  of  blood in  the  capillaries was  not 
stopped, as shown by the blur in their lumens, and the capillaries did not constrict. 
×  337. 
FIG. 8.  Photomicrograph showing the normal appearance of an arteriole and venule 
in the bay of a moat chamber, 42 minutes before the injection of 1.0 cc. of angiotonin. 
The direction of blood flow is shown by the arrows.  A, arteriole; V, venule.  X  230. 
FIo. 9.  Photomicrograph of the same vessels shown in Fig. 8, 0.9 minute after the 
injection of 1.0 cc. of angiotonin.  The photomicrograph shows the maximal degree of 
arteriolar constriction produced by this injection.  The flow of blood was not stopped. 
×  230. 
FIG. ]0.  Photomicrograph of the same vessels shown in Figs. 8 and 9, 1.6 minutes 
following the  injection of  2.0  cc.  of angiotonin.  The  photomicrograph  shows  the 
maximal degree of arteriolar constriction produced by the angiotonin.  The flow of 
blood was not stopped, and the arteriolar constriction was not proportionately greater 
than thatproduced by 1.0 cc. of angiotonin (compare with Fig. 9).  ×  230. 
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FIGS. ll to 20.  Photomicrographs of living arterioles and venules in the bay of a 
moat chamber, showing the effect upon the vessels and the circulation of the intra- 
venous injection of isopressor amounts of epinephrine, angiotonin, tyramine, methyl- 
guanidine sulfate, and pitressin.  Figs. ll, 13,  15, 17, and 19 are controls for  12, 14 
16, 18, and 20, respectively.  The latter photographs, i.e.,  12, 14, etc., were taken at 
the  time of maximal arteriolar constriction in all instances.  A  and A1, arterioles; 
V, venule.  X 230. 
FIG. ll.  Normal appearance of the vessels 6.0 minutes before injection of 0.003 
rag. of epinephrine.  The arrows indicate the direction of blood flow. 
FIG. 12.  The same vessels 1.0 minute following the injection of 0.003  mg. of epi- 
nephrine.  The arterioles have constricted to the point of stopping the blood flow. 
Stationary erythrocytes, in rouleaux formation, can be seen within the venule. 
FIG. 13.  The same vessels 21 minutes following the above injection of epinephrine. 
The arterioles are slightly dilated, due to the epinephrine.  This photomicrograph was 
taken 7.0 minutes before injection of 0.2 cc. of angioton[n. 
FIG. 14.  The same vessels 1.2 minutes following the injection of 0.2 cc. of angiotonin. 
The arterioles have constricted, but not to the point of stopping the blood flow. 
FIG. 15.  The same vessels 18 minutes after the above injection of angiotonin.  This 
photomicrograph was taken 4  minutes before the injection of  1.5 mg. of tyramine. 
FIG. 16.  The same vessels 0.7 minute after the injection of 1.5 rag. of tyramine. 
The  arterioles have  constricted, but  not  to  the  point  of  stopping the  circulation. 
FIc. 17.  The same vessels 23.5 minutes after the above injection of tyramine.  This 
photomicrograph was taken 4 minutes before the injection of 7.0 rag. of methylguani- 
dine sulfate. 
FIC.  18.  The  same vessels 1.5  minutes after the injection of  7.0  mg.  of methyl- 
guanidine.  The arterioles have constricted, but not to the point of interrupting the 
blood flow. 
FIG. 19.  The same vessels 27.0  minutes following the above injection of  methyl- 
guanidine.  This photomicrograph was taken  8.5 minutes before the injection of 
unit of pitressin. 
FIG. 20.  The same vessels 1.1  minutes after the injection of 3/4 unit of pitressin. 
The arterioles have constricted to the point of stopping the circulation.  Stationary 
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